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464 The Journal of Thoracic and CardioObjective: We sought to determine the effectiveness of an incisional infusion of
local anesthetics through a continuous-infusion elastomeric pump for the manage-
ment of postoperative pain after thoracotomy.
Methods: We performed a retrospective comparative analysis of 110 patients
undergoing thoracotomies between November 1999 and March 2003. Postoperative
pain management with a continuous-infusion elastomeric pump providing local
anesthetic into the incisional area was compared with a single-shot epidural in
combination with continuous local anesthetic infusion and continuous thoracic
epidural infusion. Data sources were reviewed for mean narcotic use, pain score, and
complications.
Results: After thoracotomy procedures, 38 patients received the ON-Q Pain Relief
System (I-Flow Corp, Lake Forest, Calif), 32 received the ON-Q device and
single-shot epidural infusion, and 40 received continuous epidural infusion. Demo-
graphic attributes, including age, body mass index, and sex were similar between the
groups. Preoperative American Society of Anesthesiologists status was significantly
higher in the ON-Q group compared with that in the other groups (P  .02).
Narcotic use and pain scores were significantly reduced in the ON-Q group com-
pared with that in the epidural group at all time points (P  .001). There were no
wound-healing complications or infections associated with the use of the pump.
Conclusion: A continuous infusion of 0.25% bupivacaine at 4 mL/h through the
ON-Q elastomeric infusion pump is a safe and effective adjunct in postoperative
pain management after thoracotomy. The use of the ON-Q Pain Relief System
results in decreased narcotic use and lower pain scores compared with continuous
epidural infusion.
Posterolateral thoracotomy has been described as one of the most painfulsurgical procedures because of the extent of surgical insult. Inadequate paincontrol after thoracic procedures can result in increased morbidity, length of
stay, and delay in overall recovery.1-3 In particular, inadequate pain control might
lead to postoperative pulmonary complications by reducing patient compliance with
pulmonary physiotherapy and inhibiting diaphragmatic function through spinal
reflex inhibition of phrenic nerve activity.4 Importantly, control of postoperative
pain after thoracotomy has been demonstrated to decrease the incidence of postop-
erative pulmonary complications, such as mucous plugging, hypoxia, atelectasis,
and pulmonary infections.5,6 The problems associated with restriction of chest wall
motion and shallow breathing have been shown to be accentuated in the obese, the
elderly, patients who smoke, and those with existing pulmonary infections.7 Stan-
dard management of postthoracotomy pain has been the use of continuous or
single-shot epidural infusions, patient-controlled analgesia (PCA), or a combination
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ETof both. As an alternative to epidural and PCA pain man-
agement, local anesthetics have been used to control pain at
the site of incision or as a regional nerve block. The use of
incisional local anesthetics for postoperative pain relief has
been shown to diminish pain scores and use of supplemen-
tary analgesics.8,9 Unfortunately, the analgesic duration of
most local anesthetics is relatively brief (4 hours) and
might not provide significant long-term benefits with regard
to analgesic or other patient-related outcomes (eg, length of
stay and quality of life). Because of the difficulty of pro-
viding adequate postoperative pain relief, an approach that
requires little or no intervention from the medical staff,
nursing staff, or the patient, as well as one that is not
dependent on narcotics, is considered to be of great interest
to the medical community.
The ON-Q Pain Relief System (I-Flow Corp, Lake For-
est, Calif) consists of an elastomeric pump that holds 270
mL of local anesthetic. The pump is connected by a flow-
limiting valve to a small flexible catheter that acts as a
soaker hose and allows continuous infusion of the drug to
nearby tissues. The objective of this study was to examine
the use of a continuous incisional infusion of local anes-
thetic as part of a multimodal approach to the management
of postoperative pain after thoracotomy.
Methods
After institutional review board approval, a retrospective compar-
ative analysis of 110 patients undergoing thoracotomies between
November 1999 and March 2003 was performed at St Paul Uni-
versity Hospital, which is the main private referral hospital of the
University of Texas Southwestern Medical Center. For inclusion in
the study, patients were identified through the surgical depart-
ment’s database. A total of 198 thoracotomies were performed
during this period at St Paul University Hospital. One hundred ten
of these patients were included in this study. Seventy patients
received the ON-Q Pain Relief System. Of these 70 patients, 38
received ON-Q and PCA (ON-Q). The remaining 32 received
ON-Q, a single-shot epidural, and PCA (SSD group). For compar-
ison, an additional 40 patients who received continuous infusion of
medication through an epidural catheter (continuous epidural in-
fusion [CEI] group) after thoracotomy were selected and matched
for age, sex, and body mass index.
Three methods of postoperative pain management were in-
cluded in the review. One group received the ON-Q Pain Relief
System (I-Flow Corp, Lake Forest, Calif) filled with 270 mL of
0.25% bupivacaine infusing at 4 mL/h through two 20-gauge
Soaker catheters (I-Flow Corp), at 2 mL/h each for 72 hours
(ON-Q group). The second group consisted of single-shot epidural
perioperatively with Duramorph (Elkins-Sinns, Inc, Cherry Hill,
NJ) in combination with ON-Q for postoperative pain management
(SSD group). The third group received CEIs of bupivacaine alone
or in combination with fentanyl or morphine (CEI group).
All patients underwent thoracotomies for various procedures.
After completion of the procedure, our standard approach to the
placement of the ON-Q Soaker catheters involves introduction
through a peel-away trocar 3 to 5 cm anterior and superior to the
The Journal of Thoraciincision. One catheter is placed at the level of the pericostal sutures
adjacent to the intercostal nerve bundle, and the other is placed
above the fascia in the subcutaneous space. A 5- to 10-mL bolus
of 0.25% bupivacaine without epinephrine is infused through the
catheters just before the incisional site is closed. The catheters are
then secured to the skin in a standard fashion with the tubing coiled
and sewn to the skin to prevent accidental removal or kinking. The
catheters are then attached to the pump and left in place for
approximately 72 hours.
Detailed follow-up was abstracted from medical records re-
cording narcotic use, visual analogue scale (VAS) pain score, time
to first bowel movement, progression of diet to solid intake,
American Society of Anesthesiologists status, and associated wound
infection. VAS pain scores were obtained from detailed nursing
notes, and mean daily scores were calculated for our analysis.
These data were available for all patients.
Multiple groups were compared by 1-way analysis of variance
tests to determine whether any of the population means differ from
each other, with the Bonferroni post hoc test for multiple compar-
isons paired, the 2 test, and the Student t test as appropriate.
Values are expressed as means  standard deviation.
Results
One hundred ten patients were included in this study. Thirty-
eight patients received the ON-Q system, 32 patients re-
ceived single-shot epidural plus the ON-Q system, and 40
patients received continuous epidural infusion for their pri-
mary postoperative pain management. Demographic vari-
ables of age, body mass index, and sex were similar among
the groups. American Society of Anesthesiologists status at
the beginning of the operation was statistically higher in the
ON-Q group compared with that in both the CEI and single-
shot epidural plus ON-Q groups (P  .02). These demo-
graphic values are presented in Table 1.
Mean and total narcotic use for the first 4 days postop-
eratively was significantly less in both the ON-Q and SSD
groups compared with that in the CEI group (P  .001), as
seen in Figure 1.
Mean and overall VAS pain scores for the first 4 days
postoperatively were significantly lower for both the ON-Q
and SSD groups compared with the CEI group (P  .001),
as seen in Figure 2.
There were no statistically significant differences in nar-
cotic use and pain scores between the ON-Q and SSD
groups. Additionally, there were no differences noted in
time to first bowel movement or progression to normal diet
among the groups. There were no infections or any wound-
healing complications noted in any patient receiving the
ON-Q device.
Discussion
Pain is inadequately treated in about 75% of all surgical
patients, which can result in increased morbidity, length of
stay, and patient dissatisfaction.1-3,10,11 Painful experiences
imprint themselves on the nervous system, intensifying the
c and Cardiovascular Surgery ● Volume 130, Number 2 465
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ETresponse to subsequent stimuli. This can produce chronic
pain syndromes in adults after thoracotomy.12 It is therefore
of paramount importance to provide adequate pain control
after surgical intervention.
One method for perioperative and postoperative pain
control includes preemptive administration of a local anes-
thetic, followed by administration of narcotics during the
postoperative period. Opioids, such as morphine, are con-
sidered the standard of care for the management of postop-
erative pain; however, disadvantages of this approach in-
clude the difficulty in maintaining a constant therapeutic
drug level and the adverse effects of opioids. Narcotic side
effects include but are not limited to respiratory depression,
nausea, vomiting, sedation, pruritus, and urinary retention.
These effects can worsen patients’ conditions, resulting in
extended hospital stays and increased costs. To avoid these
adverse events, physicians are reluctant to prescribe and
nurses often fail to administer adequate doses of opioid
analgesics, which can lead to inadequate pain control.13,14
TABLE 1. Demographic characteristics of patients who re
analgesia type
Variables n
ON-Q and PCA (ON-Q group),
n  38
Mean age (y) 59.2 58 16.9
Sex
Male 61 23
Female 49 15
Mean BMI 25.1 24.2 5.2
Mean ASA 2.9 3.2 0.58*
PCA, Patient-controlled analgesia; NS, not significant; BMI, body mass in
SSD groups, P  .05.
Figure 1. Narcotic use during the first 4 days after surgical
intervention and total as assessed by determining morphine
equivalency for all narcotics used.
466 The Journal of Thoracic and Cardiovascular Surgery ● AuguRegional anesthesia techniques, including epidural anes-
thesia, intercostal nerve blocks, and paravertebral blocks,
provide pain relief without the central respiratory depres-
sion often associated with narcotics. Epidural anesthesia, a
widely used method of controlling postoperative pain after
thoracotomy, is considered the gold standard; however, it
might not provide adequate relief for all patients. Those
patients who have undergone previous operations on the
spine or the morbidly obese might not have anatomy suit-
able for placement of an epidural catheter. Additionally,
obese patients have an increased incidence of catheter mi-
gration caused by excess skin shifting the catheter posi-
tion.15 Complications associated with epidural analgesia in-
clude hypotension, headache, nausea, urinary retention, pru-
ritus, and infection.16,17 Epidural management of pain is
also labor intensive, requiring resources to titrate dosing and
manage the side effects associated with its use.
Figure 2. Comparison of VAS pain scores among the 3 pain
ed postoperative analgesia for thoracotomy according to
ON-Q, single-shot epidural
with Duramorph and PCA
(SSD group), n  32
Continuous epidural
infusion (CEI group),
n  40 P value
59.6 14.3 60.2 15.0 NS
18 20 NS
14 20 NS
25.2 8.6 26 5.22 NS
2.87 0.62 2.84 0.68 .05
SA, American Society of Anesthesiologists. *ON˜Q group versus CEI andceiv
dex; Amanagement groups.
st 2005
Wheatley et al Evolving Technology
ETLocal anesthetics have been used for decades in an
attempt to control postoperative pain.18 Use of continuous
infusions of subcutaneous local anesthetics might have the
potential to provide superior postoperative analgesia by
providing pain relief at the source of injury and avoiding the
systemic adverse effects of narcotics. Berrisford and col-
leagues19 described an intercostal continuous nerve block
technique that used an indwelling extrapleural catheter that
was placed intraoperatively to infuse a local anesthetic in
the postoperative period. This strategy demonstrated im-
proved outcomes in several randomized clinical trials.2,20 It
has been further described in comparative trials that show a
significant reduction in narcotic use and decreased pain
scores.21,22 Patients in these studies did not require treat-
ment for hypotension or catheterization for urinary
retention.
Multimodal analgesia has demonstrated increased effec-
tiveness when compared with any single method of reduc-
ing pain alone. Numerous studies with regional anesthesia
strategies in combination with systemic analgesics have
demonstrated improved patient outcomes, including de-
creased lengths of stay.1,20 The use of continuous infusions
of local anesthetics with the ON-Q Pain Relief System as
part of a multimodal approach to postoperative pain man-
agement has been shown to decrease narcotic use, patient’s
perception of pain, and length of hospital stay in patients
undergoing median sternotomy, abdominal hysterectomy,
or cesarean section.22-24
Additionally, a recent study comparing intercostal nerve
catheter-administered local anesthetic and PCA with epi-
dural analgesia demonstrated equivalent pain control but
decreased Foley catheter and supplemental narcotic require-
ments with intercostal nerve catheter-administered local an-
esthetic and PCA.25 The placement of the catheters at the
end of the operation is uncomplicated, and its only contra-
indication is allergy to the local anesthetic. After the oper-
ation, the elastomeric pump does not require any adjustment
or care by physicians or the nursing staff. Unlike continuous
epidurals, which require maintenance, titration, and man-
agement of complications, the use of the ON-Q device
might lead to a decrease in complications, interventions, and
resources needed to treat the patient.
This study demonstrates that the use of the ON-Q device,
either alone or with sliding-scale morphine, can reduce a
patient’s pain after thoracotomy, as measured by the VAS pain
score, when compared with use of narcotic epidural infusion
alone. This improvement is achieved with less narcotic use
because ON-Q reduced total narcotic use by more than half.
Improved pain control with less narcotic use might translate
into decreased complications, such as hypotension, headache,
nausea, urinary retention, pruritus, and infection; however, this
study did not assess these outcomes.
The Journal of ThoraciWe acknowledge the inherent limitations associated with
this retrospective review. However, we believe that our
careful review of pertinent patient data demonstrates that
the use of continuous regional infusion of a long-acting
local anesthetic results in less pain and less narcotic use
after thoracotomy compared with continuous epidural pain
management. A continuous infusion of 0.25% bupivacaine at
4 mL/h through the ON-Q elastomeric infusion pump is a safe
and effective adjunct in postoperative pain management for
thoracotomy and presents a viable and possibly superior option
to continuous epidural anesthesia in patients undergoing this
procedure. A randomized prospective evaluation of the ON-Q
Pain Relief System should be performed to further elucidate its
role in the management of postthoracotomy pain.
We thank Jesse Williams for his insightful suggestions and
review of the manuscript. We also acknowledge Rehal Bhojani for
his technical assistance.
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